S YSTEMATIC REVIEWS HAVE SUGGESTED that exposure to alcohol advertising can, at least moderately, increase alcohol consumption in adolescents (Jackson et al., 2018; Jernigan et al., 2017; Scott et al., 2017) . Although the focus has primarily been on exposure to traditional media advertising (e.g., television, print), new media channels, specifically social networking sites (SNSs), are becoming an important platform for marketing alcoholic beverages (Jernigan & Rushman, 2014; Lobstein et al., 2017) . For example, hundreds of corporate-sponsored alcohol-branded pages have been located on Facebook (Nhean et al., 2014) ; there were more than 40 million Likes, Shares, and Comments on the Facebook pages of the 15 most consumed alcohol brands among youth as of March 2013 (Jernigan & Rushman, 2014) ; and alcohol ads have generated millions of views on Yo uTube (Winpenny et al., 2014) .
Exposure to SNS alcohol ads may be associated with increased alcohol consumption. For example, engagement with alcohol-related SNS content was predictive of greater alcohol consumption and engagement in other risky behaviors (Hoffman et al., 2014) . Among U.S. college students, drinking intentions were significantly greater after viewing Facebook ads associated with high user engagement (Alhabash et al., 2015) , and in 2015, 35% of Pinterest users bought an alcoholic beverage after seeing a Pin containing alcohol (Kumar, 2016) .
SNS ads, defined as images, videos, and text published by a consumer brand on a corporate-sponsored, branded SNS account, are unique relative to ads in traditional media channels because they encourage interactivity and engagement. SNS users can engage with a SNS post through the user engagement functions (e.g., the Like function on Facebook) or by writing a comment immediately below the post, known as a user-generated comment (UGC).
In general, larger user engagement values for SNS advertising are associated with more favorable viewer responses (Koroleva et al., 2011; Paek et al., 2013) , and positive associations between the number of Likes a Facebook ad received and consumer attitudes toward a brand, involvement with a brand, brand trust, and purchase intentions have been reported (Phua & Ahn, 2016) . For alcohol-related SNS ads, the relationship between Liking a Facebook alcohol ad and future drinking intentions was greatest for ads with a high number of Likes and Shares (Alhabash et al., 2015) .
Research on the impact of comments is limited. The ratio of positive to negative comments on a branded post was positively associated with the number of post Likes and comments (de Vries et al., 2012) . Another study concluded that negative comments may significantly diminish viewers' positive impressions of a company or brand (Haigh & Shelly, 2015) .
In the United States, SNS alcohol ads are governed by a voluntary self-regulatory system created by the alcohol industry (International Center for Alcohol Policies, 2011 Policies, , 2014 . Using a series of exposure and content guidelines, the system is designed to limit alcohol advertising exposure among youth and to prevent youth and other vulnerable populations from being exposed to harmful ad content. Regulatory compliance indicates that youth are not disproportionately exposed to alcohol advertising and that alcohol advertising does not promote excessive alcohol use; using alcohol in dangerous situations; using alcohol for social, physical, fi nancial, or sexual success; or content that is primarily appealing to youth or addresses at-risk groups (e.g., pregnant women). Little data are available to demonstrate its effectiveness governing SNS ads. Fifty Facebook ads published by Bud Light and Budweiser were compared to the alcohol industry's content guidelines; 82% of the ads were deemed noncompliant by a panel of public health experts (Noel & Babor, 2017) . Studies of the exposure guidelines have not yet been published, although several studies have concluded that large proportions of youth are aware of SNS alcohol advertising and have interacted with alcohol-branded SNS accounts Hoffman et al., 2014; Lin et al., 2012) .
The purpose of this study was to determine if user engagement levels and comments associated with SNS alcohol ads could influence the desire to drink and measures of ad engagement. The potential impact of ad content, based on regulatory compliance, was also investigated. Based on previous empirical evidence (Alhabash et al., 2015; Haigh & Shelly, 2015) , it was hypothesized that high user engagement values and pro-drinking comments would significantly increase the desire to drink and ad engagement. Because alcohol marketing regulation intends to protect vulnerable populations, it was hypothesized that noncompliant ad content would also significantly increase the desire to drink and ad engagement.
Method
The study sought to determine if user engagement values and UGCs displayed alongside SNS alcohol ads can significantly increase the desire to drink and ad engagement. The study also sought to determine if ad content, based on regulatory compliance, had a similar effect. The study used a 2 (ad regulatory compliance: compliant vs. noncompliant) × 2 (user engagement: low vs. high) × 2 (UGC type: pro-vs anti-alcohol) mixed factorial design. Participants viewed four SNS alcohol ads that varied based on ad content (a within-subjects effect). User engagement values and UGCs were displayed alongside each ad, and participants were randomized to view either (a) high user engagement values/ pro-drinking UGCs, (b) high user engagement values/antidrinking UGCs, (c) low user engagement values/pro-drinking UGCs, or (d) low user engagement values/anti-drinking UGCs (between-subjects effects). Desire to drink and ad engagement were assessed after each ad exposure.
Participants
In all, 120 young adults, 21-24 years old, were recruited through Amazon Mechanical Turk. Additional inclusion criteria were living in the United States and having Internet access. There were no exclusion criteria. A two-stage recruitment procedure was used. First, a public invitation to a screening survey was posted on Amazon Mechanical Turk. Then, studyeligible individuals were identified and sent a private invitation to participate. Respondents were reimbursed $0.05 for completing the screening survey and $10.00 for completing the study. Of the 1,759 individuals screened, 200 (11%) met the inclusion criteria, and 120 (7%) completed the study. All participants completed the study (100%).
Advertisement selection
Four Facebook ads were selected from a previous evaluation of Facebook ads published by Bud Light and Budweiser (Noel & Babor, 2017) . For each brand, one ad was compliant with the code and the other was noncompliant. A content analysis was used to match each compliant ad with a samebrand noncompliant ad to ensure that ad content was similar in as many respects as possible except for the content that caused noncompliance (Noel & Babor, 2017) . The ads used have been published elsewhere (Noel et al., 2018a) . Noncompliant ads promoted excessive alcohol consumption (a Budweiser ad) and associated alcohol use with success (a Bud Light ad). Compliant ads focused on product quality (a Budweiser ad) and promoted the airing of a television commercial (a Bud Light ad).
User engagement values
User engagement values were defined as the number of Likes, Shares, and Comments associated with the Facebook ad. Each ad was associated with a set of real-world values elicited by Bud Light or Budweiser Facebook ads. Participants were randomized to view either high (e.g., "27k Likes," "11k Shares," "4.5k Comments") or low user engagement values (e.g., "216 Likes," "22 Shares," "12 Comments"). Extreme high and low user engagement values were purposefully selected to elicit a large between-group difference. At the time of the study, it was unknown whether there was a specific user engagement value where potential effects would begin to appear.
UGC selection
UGCs were defined as comments associated with the Facebook ad that were published by non-brand-affiliated Facebook users. Each ad was associated with a set of realworld UGCs written in response to Bud Light or Budweiser Facebook ads (Noel & Babor, 2017) . Each set consisted of two unique comments, replicating the number displayed on Facebook. A thematic content analysis was used to identify pro-and anti-drinking UGCs (Noel et al., 2018a) . Pro-drinking UGCs were randomly selected from the "positive consequences" (e.g., "Some call it a six pack I call it my support group") and "past drinking" (e.g., "I done had so many of these tonight lol") themes. Anti-drinking UGCs were randomly selected from the "negative consequences" (e.g., "I lost a friend behind your product. U guys suck") and "abstinence/sobriety" (e.g., "i don't even drink or smoke, can't say i miss this") themes. Participants were randomized to view either pro-or anti-drinking UGCs. The ads, user engagement values, and UGCs used are published in Supplemental Figure 1 of Noel et al. (2018a) .
Dependent variables
Dependent variables included desire to drink and ad engagement. Desire to drink was assessed using one item (France et al., 2014) . Participants were asked if the ad would increase or decrease the desire to drink in "an individual like them." Responses were measured on a 5-point Likert scale, ranging from definitely decrease (coded as 0) to definitely increase (coded as 4). The question used the reference frame "an individual like them" in order to separate the issue from the participant and elicit more reliable responses (Bradburn et al., 2004) .
Ad engagement is the use of a SNS's user engagement functions. Ad engagement was operationalized by assessing a participant's level of agreement with two statements: "I would 'Like' this Facebook post" and "I would 'Share' this Facebook post with my Friend network." Responses on the 5-point Likert scale ranged from strongly disagree to strongly agree. Ad engagement was included because use the Like or Share function increases ad exposure and serves as a product recommendation, which is a strong predictor of future product use (Reichheld, 2003) .
Covariates
Demographic variables included age, sex, race, ethnicity, household income, and marital status. Others have reported that these variables may influence alcohol use levels (e.g., Collins, 2016; Karlamangla et al., 2006; Molander et al., 2010; Moore et al., 2005) or alcohol ad perceptions (Noel et al., 2018b; Proctor et al., 2005) . Facebook involvement, defi ned as use and trust of the information found on Facebook, was included to control for familiarity with SNSs. It was measured using a 29-item scale designed specifically for use with Facebook (Rauniar et al., 2014) . Possible scores ranged from 0 to 145 (α = .93). Alcohol involvement was measured with the Alcohol Use Disorders Identification Test (AUDIT), which consisted of 10 questions measuring past-year alcohol use, alcohol dependence symptoms, and harmful alcohol use (Saunders et al., 1993) . Possible scores ranged from 0 to 40 (α = .83), reflecting abstinence/low-risk drinking (0-7), hazardous drinking (8-15), harmful alcohol use (16-19), or alcohol dependence (≥20) (Babor & Robaina, 2016) . AUDIT scores were previously associated with alcohol ad perceptions (Noel et al., 2018b) .
Study procedure
Study procedures have been described elsewhere (Noel et al., 2018a) . Briefly, the study was conducted online. Participants were randomized and viewed four ads within one of four test conditions sequentially. Desire to drink and ad engagement questions were completed after each exposure. A Latin Square design was used to ensure each group viewed the ads in a unique order. Covariates were measured after all ad exposures. The UConn Health Institutional Review Board approved this procedure as exempt.
Statistical analysis
Each continuous independent variable was found to be normally distributed after an examination for skewness and kurtosis. Differences in demographic variables across study groups were tested using independent t tests and chi-square analysis. The significance of main and interactive effects was assessed using hierarchical linear modeling (HLM), which was selected to model cross-level interactions and to adjust for the clustering of responses within participants. Two-level random-intercept, random-slope HLM models were specifi ed. Level 1 consisted of ad content. Level 2 consisted of user engagement, UGCs, and the covariates. The following interactions were also assessed: User Engagement × UGCs, User Engagement × Ad Content, UGCs × Ad Content, and User Engagement × UGCs × Ad Content. The cross-level interactions were specified by including the between-subjects effects as Level 2 variables of the Level 1 ad slope. The reference groups were compliant ads, low user engagement values, anti-drinking UGCs, men, White, non-Hispanic, and single, never married. The general form of the adjusted models were:
π oj = β 00 + β 01 (user engagement) + β 02 (UGCs) + β 03 (user engagement * UGCs) + β 04 (age) + β 05 (sex) + β 06 (race) + β 07 (ethnicity) + β 08 (income) + β 09 (marital status) + β 010 (AUDIT) + β 011 (Facebook involvement) + r 0i π 1i = β 10 + β 11 (user engagement) + β 12 (UGCs) + β 13 (user engagement * UGCs) + r 1i , where Y ij represented the dependent variable, π ij represented the within-subject coefficients, β ij represented the betweensubjects coefficients, r 0i represented the random intercept, r 1i represented the random slope, and e ij represented the model error term.
Desire to drink was specified as a fi ve-category ordinal variable with a logit link function. The ordinal HLM model used a cumulative odds model whereby the relative odds of a unit increase in an independent variable was assumed to be independent of the level of the dependent variable. Under this assumption, odds ratios (ORs) are interpreted as the probability of being at or below a given value of the dependent variable. For this reason, the desire-to-drink scale was reversed, which allowed model ORs to be classically interpreted (e.g., an OR > 1 indicates being more likely to have a greater desire to drink).
For ad engagement, the Liking and Sharing items were fi rst dichotomized because of high positive skew and a substantial fl oor effect (i.e., the most common response was strongly disagree). The responses agree and strongly agree were collapsed into an affirmative category. The responses strongly disagree, disagree, and neither were collapsed into a reference group. The variables were then combined. If a participant responded in the affirmative that they would Like or Share an ad, the response was coded as 1. In turn, the reference group was not affi rmatively Liking and not affi rmatively Sharing an ad. Therefore, the analysis determined the odds of a participant agreeing to Like or Share versus not agreeing to Like or Share. For ad engagement, the Bernoulli distribution was specified with a logit link function.
Significant interactions were investigated by fi rst identifying all possible group combinations of the interacting variables. For example, four groups are created from a significant interaction between user engagement and UGCs: high user engagement values/pro-drinking UGCs, high user engagement values/anti-drinking UGCs, low user engagement values/pro-drinking UGCs, and low user engagement values/anti-drinking UGCs. Then, the outcome variable was graphed across each group and ad exposure, and new models were created using each new group as a comparison group.
All models used a homogeneous covariance structure and were estimated using the penalized quasi-likelihood method. Age, income, AUDIT score, and Facebook involvement score were grand-mean centered. All other variables were un-centered. Unconditional models, with no predictors, were specified to determine intraclass correlations (ICCs), which represented the amount of variance of the dependent variables explained by the clustering of responses within participants. Statistical significance was set at α = .05. The analysis was performed using HLM for Windows Ve rsion 7.01 (Scientific Software International, Inc., Skokie, IL). Table 1 contains the participant characteristics. The sample consisted primarily of non-Hispanic (86.7%), White (68.3%), single, never married (88.3%) young adults (M age = 22.7). Half the sample was male (50.8%) and approximately 25% were non-low-risk drinkers. Demographic variables were not statistically different across study groups. Two participants had missing demographic data and were excluded from the HLM analysis.
Results

Participant characteristics
Desire to drink
Mean desire to drink across all ads was 2.1 (range: 2.0-2.2), which was the midpoint of the scale, and ICC = 0.67. In the unadjusted model, the User Engagement × UGC interaction was statistically significant (OR = 3.45, 95% CI [1.01, 11.8]) ( Table 2 ). The main effects of ad content, user engagement, and UGCs were not statistically significant. After we adjusted for age, sex, race, ethnicity, household income, marital status, Facebook involvement, and AUDIT score, the User Engagement × UGC interaction remained significant.
The interaction term was fi rst investigated by graphing the mean desire to drink score by experimental group and ad exposure (Figure 1) The differences between the other experimental groups were nonsignificant. In addition, in the adjusted model, the desire to drink was 56% lower among females (OR = 0.44, 95% CI [0.25, 0.78]), and AUDIT and Facebook involvement scores were statistically significant (Table 2) . Each 1 unit increase in AUDIT and Facebook involvement score was associated with an 8% (OR = 1.08, 95% CI [1.03, 1.14]) and 3% (OR = 1.03, 95% CI [1.01, 1.05]) increase in the desire to drink, respectively.
Ad engagement
Forty-four percent of participants indicated they would Like or Share at least one Facebook ad, and ICC = 0.66. In the unadjusted model, none of the main or interactive effects of ad content, user engagement, or UGCs were statistically significant (Table 3) . After we adjusted for the covariates, the odds of Liking or Sharing an ad were 2.3 times greater among participants who viewed pro-drinking UGCs (OR = 2.30, 95% CI [1.09, 4.85]).
AUDIT and Facebook involvement scores were also associated with ad engagement. Each 1 unit increase in the AUDIT and Facebook involvement score was associated with an 8% (OR = 1.08, 95% CI [1.02, 1.14]) and 4% (OR = 1.04, 95% CI [1.02, 1.07]) increase in ad engagement, respectively.
Discussion
The fi ndings suggest that pro-drinking comments may increase the desire to drink when coupled with high user en-FIGURE 1. Mean desire to drink score by experimental group and ad exposure, with standard error bars gagement values and may independently increase ad engagement. The fi ndings also suggest that regulatory compliance of ad content and user engagement values may not infl uence the desire to drink or ad engagement.
Comments as electronic word of mouth
Information spread through word of mouth is inherently a social phenomenon that can strongly influence behavior (Groeger & Buttle, 2014) . Within the context of SNSs, comments may serve as electronic word of mouth in that SNS users are exposed to a user's thoughts about a SNS post. In this way, comments may act as an information source that can reinforce or negate the ad message (Kim & Sun, 2006) . Importantly, electronic word of mouth may increase product purchases (Meuter et al., 2013; See-To & Ho, 2014) . Positive electronic word of mouth may significantly improve purchase intentions, whereas negative electronic word of mouth may significantly decrease purchase intentions (Lim, 2015; Sandes & Urdan, 2013; Wu, 2013) , although other studies described a more nuanced effect (Kim & Gupta, 2012; Lee & Cranage, 2014; Podnar & Javernik, 2012) .
Increasing the desire to drink
The fi nding that the desire to drink increased after exposure to pro-drinking comments is consistent with previous research demonstrating that desire to drink increases after exposure to alcohol cues (Schulze & Jones, 2000) , and increases in the desire to drink under laboratory conditions have explained up to 10% of the variance in later drinking behavior in a sample of alcohol-dependent patients undergoing treatment (Litt et al., 2000) . Interestingly, heavy alcohol users and those who are alcohol dependent may be most susceptible to the potential effects of pro-drinking comments. Magnetic resonance imaging studies suggest that areas of the brain associated with addiction differentially activate in heavy alcohol users after exposure to alcohol cues (Myrick et al., 2004; Tapert et al., 2003) , and an increased desire to drink after exposure to alcohol cues may predict relapse after treatment for alcoholism (Cooney et al., 1997; Gordon et al., 2006; Litt et al., 2000) .
Consequences of ad engagement
Pro-drinking comments significantly increased the odds of engaging with an SNS beer ad through the Like or Share function, and Liking or Sharing a Facebook ad may indirectly predict future drinking intentions (Alhabash et al., 2015; Lee & Hong, 2016) . Brand identification and brand trust may be higher among those who retweet brand messages on Tw itter (Kim et al., 2014) , and those with positive attitudes toward a brand may be more likely to share a SNS brand message (Chu & Sung, 2015) . In addition, studies have reported a strong correlation between positive brand attitudes and purchase intentions (Beukeboom et al., 2015; Toldos- (Morris et al., 2016) .
Secondary fi ndings
AUDIT and Facebook involvement scores were positively associated with the desire to drink and ad engagement, suggesting that alcohol use history and SNS use should be considered when estimating the impact of SNS alcohol advertising on future alcohol consumption. The role of Facebook involvement scores was consistent with previous research (Choi & Scott, 2013; Huang et al., 2012; Sohn, 2009 ) and may intimate that trustworthiness of information presented on SNSs results from greater SNS use. Moreover, the desire to drink was greatest among men, which may reflect men being the target group of the ads used.
Null fi ndings
Contrary to study hypotheses, there was no significant main effect of user engagement values or ad content. The null main effect of user engagement values may suggest either a more complex relationship between SNS information and SNS post perceptions than has been previously investigated or that the user engagement values in the "low user engagement" value group were already sufficiently high to product an effect. The null main effect of ad content may suggest participant bias toward the included brands. That is, participants may have stereotyped the intended ad message published by each brand regardless of the creative elements used. Alternatively, ad content may have little effect on the desire to drink and ad engagement. Finally, the nonsignificant random slope indicates that the change in the desire to drink and ad engagement across ad exposures was consistent for all study participants, even if the absolute numbers varied.
Implications
With pro-drinking comments more prevalent than antidrinking comments (Noel et al., 2018) , a Facebook user who saw the study ads was more likely to be exposed to the reinforcing effects of pro-drinking comments, and there is little incentive for alcohol producers to regulate comments written in response to their ads. Potential SNS regulations may include restrictions or bans on ad engagement, including the publishing of comments in response to corporate-sponsored alcohol-branded content. This regulatory scheme is being tested in Finland, where new restrictions have effectively banned advertising on SNSs (YLE, 2014) .
Programmatically, comments may be used to devise novel health promotion campaigns. Health information may be posted as a comment underneath a post promoting an unhealthy behavior that also received high user engagement. For instance, messages promoting moderate alcohol use or abstinence could be posted underneath a SNS alcohol ad. The message would then be distributed to all Facebook users who view the alcohol ad, and alcohol producers would shoulder the message distribution costs of public health messages.
Limitations
This study used a relatively small sample size that likely limited overall study power. Significant main effects of user engagement or ad content may be observed in a larger study. Curiously, the main effects of the comments were significant only after covariate adjustment. This may indicate that specific combinations of covariates (e.g., sex and AUDIT score) may have differed between groups. Furthermore, because anti-drinking comments were compared against pro-drinking comments, it is unknown whether pro-drinking comments significantly increase the desire to drink, anti-drinking comments significantly decrease the desire to drink, or both. A similar limitation exists regarding ad engagement. Ad engagement may also be underestimated because only two of the potential forms of SNS engagement were measured in the study.
The study results may not be generalizable to other demographic groups, SNS platforms, or alcohol brands. The study relied on self-report, and because of the anonymous nature of Amazon Mechanical Turk, it was not possible to verify the truthfulness of participant responses. Order effects could explain the results because each group participant viewed the selected ads in the same order, but because groups viewed the ads in a unique order, any bias in the results would likely be toward the null. Last, the ORs for the effects on ad engagement may be unstable because a disproportionately small number of participants indicated agreement to Liking or Sharing an ad.
Conclusions
Pro-drinking comments posted in response to SNS alcohol ads may significantly increase the desire to drink when combined with high user engagement values and may independently increase ad engagement. To decrease this effect, new regulations restricting the ability of SNS users to engage with SNS alcohol ads are needed. Moreover, comments may be a novel method for delivering health promotion information.
